Nearby galaxy surveys have long classified X-ray binaries (XRBs) by the mass category of their donor stars (high-mass and low-mass). The NuSTAR observatory, which provides imaging data at E > 10 keV, has enabled the classification of extragalactic XRBs by their compact object type: neutron star (NS) or black hole (BH). We analyzed NuSTAR/Chandra/XMM-Newton observations from a NuSTAR-selected sample of 12 galaxies within 5 Mpc having stellar masses (M ⋆ ) 10 . Using NuSTAR color-intensity and color-color diagrams we classify 43 of these sources as candidate NS and 47 as candidate BH. We further subdivide BH by accretion states (soft, intermediate, and hard) and NS by weak (Z/Atoll) and strong (accreting pulsar) magnetic field. Using 8 normal (Milky Way-type) galaxies in the sample, we confirm the relation between SFR and galaxy X-ray point source luminosity in the 4 − 25 and 12 − 25 keV energy bands. We also constrain galaxy X-ray point source luminosity using the relation L X = αM ⋆ + βSFR, finding agreement with previous work. The XLF of all sources in the 4 − 25 and 12 − 25 keV energy bands matches with the α = 1.6 slope for high-mass XRBs. We find that NS XLFs suggest a decline beginning at the Eddington limit for a 1.4 M ⊙ NS, whereas the BH fraction shows an approximate monotonic increase in the 4 − 25 and 12 − 25 keV energy bands. We calculate the overall ratio of BH to NS to be ≈ 1 for 4 − 25 keV and ≈ 2 for 12 − 25 keV.
INTRODUCTION
Until the launch of the first focusing telescope to operate at E > 10 keV, the Nuclear Spectroscopic Telescope Array (NuSTAR; Harrison et al. 2013) , we knew very little about the behaviour and nature of extragalactic black hole (BH) and neutron star (NS) populations at harder energies. In the absence of an X-ray bright supermassive BH, local-Universe measurements as well as supporting measurements at high-redshift ) have indicated a possible significant role of XRBs in heating the Intergalactic Medium (IGM) of the early Universe (e.g. Fragos et al. 2013; Mesinger et al. 2014; Pacucci et al. 2014; Madau & Fragos 2017; Sazonov & Khabibullin 2017; Das et al. 2017) .
However, there are questions about the extragalactic XRB population that are difficult to answer at E < 10 keV, including whether compact objects are BH or NS. The rich suite of thousands of Rossi X-ray Timing Explorer (RXTE) PCA spectra of BH/NS XRBs in the Milky Way galaxy provide critical diagnostics in the 4 − 25 keV band of both compact object type (BH vs. NS) and accretion state (e.g. Maccarone 2003; Done et al. 2007 ). With NuSTAR, for the first time, we are able to leverage the knowledge gained from compact objects in our own galaxy by applying these harder X-ray diagnostics to extragalactic populations.
The hard X-ray coverage with NuSTAR is crucial for distinguishing different types of accreting binaries, such as BH/NS XRBs and accreting pulsars. Compact object diagnostics have already been successfully applied to characterize XRBs in several nearby galaxies observed by NuSTAR. These studies include simultaneous NuSTAR/Chandra/XMMNewton/Swift studies of the nearby star-forming galaxies NGC 253 Wik et al. 2014a ) and M83 , as well as Local Group galaxy M31 Yukita et al. 2017; Lazzarini et al. 2018) ; for a description of the NuSTAR galaxy program please see Hornschemeier et al. (2016) . Using 4 − 25 keV color-color and color-intensity diagnostics, these studies have shown that the starburst galaxies are dominated by luminous BH-XRB systems, mostly in intermediate accretion states. Specifically, ultraluminous X-ray sources (ULXs) with 3 − 30 keV spectra indicative of super-Eddington accretion (e.g. Gladstone et al. 2009 ) appear to dominate the hard X-ray emission of starburst galaxies (Walton et al. 2013; Bachetti et al. 2014a; Rana et al. 2015; Lehmer et al. 2015) . Meanwhile, M31 has a significant contribution from NS accretors (pulsars and low-magnetic field Z-type sources; Maccarone et al. 2016; Yukita et al. 2017) . As expected, the pulsars trace the young stellar population in the spiral arms and the Z-type sources are concentrated in globular clusters and the bulge/field of the galaxy. NuSTAR data were crucial to the reclassification of previously identified BH candidates in M31 globular clusters as NS, based on their hard X-ray spectra .
NuSTAR has previously resolved the XRB population in 3 galaxies. Thus, it is now time for a broader investigation of the relationship between the properties of a galaxy and the Xray source types and accretion states as determined from hard X-ray observations. Specifically, what is the relationship between galaxy properties such as the stellar mass and recent star formation rate/history and compact object type/accretion state as determined from hard X-ray diagnostics? To estimate the number of BH and NS that will be formed in a galaxy requires binary population synthesis, and a detailed understanding of concepts such as supernova explosions, which is not well understood (e.g. Pejcha & Thompson 2015) . Alternatively, we can use observational data and methods to determine the BH fraction and its dependence on X-ray luminosity and specific star formation rate (sSFR).
With NuSTAR we can measure local-galaxy SEDs over 0.5 − 30 keV that are applicable to high-z galaxies detected by Chandra. One of our goals is to determine what sources are contributing to the 0.5 − 30 keV emission. Furthermore, we would like to be able to predict, based on galaxy properties such as star formation rate/history and stellar mass, what the distribution of binaries and their emitting properties are. Achieving this goal is rather complicated, as there are parameters such as the duty cycle that result in a broad range of population properties for different stellar ages, etc. One approach to this complicated problem is to make direct measurements over a variety of galaxy properties. Each snapshot view of an individual galaxy measures the state of the overall population, giving us a constraint on duty cycles (Binder et al. 2017) . Hard X-ray diagnostics allow us to determine the distribution of BH spectral states, similar to Galactic BH studies (e.g. Tetarenko et al. 2016) . Using this approach, we can obtain baseline estimates of XRB formation rate, duty cycles, spectral states, and galaxy SEDs. Understanding these properties at E > 10 keV is critical to compare to the results of XRB evolution in the 0.5 − 10 keV bandpass. NuSTAR is well-matched to the rest-frame energies of high-z galaxies at z = 3 − 4 probed by Chandra and is thus a new window into XRB evolution.
The X-ray luminosity function (XLF) represents the distribution of sources in a galaxy based on their luminosity. Seminal studies of LMXBs in elliptical galaxies (e.g. Gilfanov 2004a; Zhang et al. 2012 ) and HMXBs in spiral galaxies (e.g. Grimm et al. 2003; Mineo et al. 2012) found that their XLFs were (approximately) universal when normalizing by the stellar mass and SFR of a galaxy, respectively (see Gilfanov 2004b for a summary). Small variations in the power law slope and cutoff are dependent on factors such as metallicity ) and star formation history (Lehmer et al. 2017 ). We will investigate how scaling NuSTAR XLFs by SFR compares with results from Chandra/XMM-Newton studies.
To date, studies of the XLFs of nearby galaxies have mostly focused on LMXB or HMXB populations. However, certain XLF characteristics can be attributed to compact object types (Lutovinov et al. 2013) , such as the break at ∼few×10 38 erg s −1 corresponding to the Eddington limit for NS. This break is often argued to reflect the transition from a population of NS to BH XRBs (Sarazin et al. 2000; Kim & Fabbiano 2004; Wang et al. 2016) . NuSTAR is wellsuited to distinguish between BH and NS accretors, therefore allowing a first-look at BH-only and NS-only XLFs. In addition, this can elucidate how the 0.5 − 30 keV SED of galaxies depends on the compact object type and accretion states of BH and NS.
Our goals are to study the hard X-ray properties of the XRB population of 12 nearby galaxies (< 5 Mpc) using joint NuSTAR and Chandra/XMM-Newton data. We will use knowledge of galaxy parameters such as SFR and stellar mass to investigate the connection between XRB populations and host galaxy properties. In Section 2 we describe the sample selection and calculation of SFR and stellar mass for galaxies in the sample. In Section 3 we summarize the NuS-TAR, Chandra, and XMM-Newton observations. In Section 4 we outline our analysis methods, which focus on the PSF fitting procedure for NuSTAR data. In Section 5 we present NuSTAR diagnostic diagrams, XLFs, and scaling relations, and discuss their implications. We summarize our conclusions in Section 6.
SAMPLE SELECTION
Using the HyperLeda Database 1 (Makarov et al. 2014) and the Updated Nearby Galaxy catalog (Karachentsev et al. 2013) we searched for all galaxies within 10 Mpc that have been observed by NuSTAR as of 1 July 2017. We created the sample based on reaching an X-ray point source sensitivity limit of ≈ 10 38 erg s −1 (4 − 25 keV), corresponding to the expected approximate luminosity of luminous non-magnetized NS XRBs 2 , for each observed galaxy. We excluded M51, NGC 4258, and NGC 4395 because they did not reach this limit. We also excluded Centaurus A due to the presence of a luminous AGN, whose emission contaminated the field of view and prevented the detection of faint point sources. The nearby dwarf galaxy IC 10 was excluded due to contamination from stray light.
In Table 1 we list the 12 galaxies in the sample and include their coordinates, morphological type, dimensions, inclination, distance, Galactic column density, stellar masses, and SFR (see Section 2.1). Several of these galaxies are part of either the NuSTAR nearby galaxies program or were targeted because they contained individual ULX sources that are likely high accretion rate XRBs (Bachetti et al. 2014b; Kaaret et al. 2017) .
There is sufficient NuSTAR exposure for the entire galaxy sample for detection of all point sources with L X above ∼ 10 38 erg s −1 (4 − 25 keV). However, there is spatial variation 1 http://leda.univ-lyon1.fr/ 2 e.g. Sco X-1; L X (2 − 20 keV) ≈ 2 × 10 38 erg s −1 , Bradshaw et al. 1999 of sensitivity within the galaxies due to source confusion in regions with higher relative source density. In Figure 1 we plot the 4 − 25 keV point source sensitivity limit against the distance of each galaxy and show sensitivity curves for total exposure times ranging from 200 ks to 3 Ms.
To date, while there have been studies of individual sources or galaxies, there has not been a systematic analysis of the hard X-ray point source populations for an ensemble of these galaxies. The X-ray point source populations of these galaxies have been well-studied in the 0.5−10 keV bandpass in the past by various X-ray observatories such as Chandra, XMMNewton, and ROSAT, with the exception of NGC 1313 and NGC 5204, where the focus has been on ULX sources as opposed to the point source population. In Appendix A we summarize individual galaxy properties and previous X-ray studies for each galaxy in the sample. A detailed study of M31 will be presented by D. Wik et al. 2018 (in prep.) , thus we exclude M31 from our analysis (except for total galaxy X-ray luminosity fitting in Section 5.2).
Stellar Masses and Star Formation Rates
The LMXB and HMXB populations in a galaxy trace the host galaxy stellar mass and SFR, respectively. Therefore, to investigate this relationship, we need to determine accurate values of galaxy stellar mass and SFR. To calculate stellar masses we used the results from Into & Portinari (2013) that were corrected for self-consistency by McGaugh & Schombert (2014) . This relation was derived assuming a Kroupa (1998) initial mass function (IMF). We chose the parameterization reproduced in equation 1 because (B − V) colors were readily available from the HyperLeda Database (Makarov et al. 2014 ) and the K s -band luminosity is a robust indicator of stellar mass. Extinction-corrected 2MASS K s -band magnitudes were taken from Tully et al. (2016) and converted to luminosities using the distances from Table 1 and K s,⊙ = 3.302 (Pecaut & Mamajek 2013; Casagrande et al. 2012) . The revised relation from McGaugh & Schombert (2014) was based on Spitzer 3.6 µm data and required conversion of Kband magnitudes using their prescription K s − [3.6] = 0.31. The resulting stellar masses were each multiplied by 1.29 to convert from 3.6 µm to K-band. Typical M/L uncertainties were estimated to be ∼ 0.1 dex in the near-IR as a result of dust and complex star-formation histories. The K s -band magnitude and (B − V) color for M31 were adjusted using the values from Table 3 of Kormendy & Ho (2013) , corrected for angular extent. The stellar mass agrees with the recently determined value from Sick et al. (2015) . NGC 4945 suffers from large internal extinction that affects the stellar mass estimate, so we used the (B − V) value from McCall (2014) that was corrected for internal extinction. Tully et al. (2009) . Column (10): 1σ distance uncertainty. Column (11): Galactic column density from Kalberla et al. (2005) . Columns (12) and (13): stellar mass and SFR as determined using the methods from Section 2.1.
a Results for M31 can be found in D. Wik et al. 2018 (in prep.) We determined SFRs from the relations presented in Calzetti (2013) by adding the contribution from the UV and IR luminosity (Calzetti 2013 
We used GALEX far-UV (1539 Å, FWHM of 269 Å) asymptotic (total) magnitudes from Lee et al. (2011) and Gil de Paz et al. (2007, only for M31) to calculate SFR(UV). We calculated the IR (dust-unobscured) component of SFR with equation 3 (Calzetti 2013 equations 1.5-1.7) using 24 µm fluxes from Dale et al. (2009) .
M31 and IC 342 did not have 24 µm fluxes in Dale et al. (2009) and were instead taken from Tempel et al. (2010) and Jarrett et al. (2013) , respectively. For Circinus, we used the 25 µm IRAS flux from the NASA/IPAC Extragalactic Database (NED) and adjusted the coefficient in equation 3 to 1.789 × 10 −43
. NGC 4945 did not have a UV flux estimate and so we used the SFR from Atacama Large Millimeter Array results (Bendo et al. 2016 ), which were not affected by dust attenuation in the nuclear starburst. Circinus also had no UV flux estimate and thus we only used the SFR(25 µm) value as it agrees well with other studies (Grimm et al. 2003; For et al. 2012) .
In Figure 2 we plot the SFR vs. the stellar mass for each galaxy in the sample. We also included the Milky Way for reference. The stellar mass and SFR for the Milky Way, 6.08 ± 1.14 × 10 10 M ⊙ and 1.65 ± 0.19
, respectively, were taken from Licquia & Newman (2015) . Lines of constant specific SFR (sSFR) are indicated to help compare the relative amount of star formation per galaxy across a variety of stellar masses. One expects fractionally more HMXBs in galaxies with higher values of sSFR. Most of the galaxies in the sample (8 of 12) have stellar masses comparable to the Milky Way galaxy. There is a range of sSFR values with a peak around the value for the Milky Way. The NuSTAR archive represents a biased nearby galaxy sample that tends towards intermediate sSFR as seen in Figure 2 . This results from the relative lack of nearby massive elliptical galaxies that have low sSFR (e.g. Cen A, Maffei 1) and few nearby starbursts with large sSFR (e.g. NGC 253, M82). Table 2 summarizes the simultaneous/archival NuSTAR and Chandra/XMM-Newton observations for galaxies in the sample that were analyzed in this work (Table 1) . We have excluded all NuSTAR observations of galaxies that are shorter than ∼ 10 ks (before data reduction) because it is not possible to robustly constrain the background. Each observatory's FOV covers the D 25 ellipse of all galaxies except the NuS-TAR observations of M83 (∼ 90% of D 25 , see Yukita et al. 2016) , IC 342 (∼ 75% of D 25 ), and M31 (∼ 40% of D 25 ). There was non-contemporaneous archival X-ray data available for these galaxies, however, simultaneous data are particularly important for study of the highly variable XRB population. Thus, we prioritized simultaneous Chandra/XMMNewton data for our analyses. Such data were available for 11 of the 12 galaxies; for M81 we relied solely upon archival data. Due to the high frequency of observations for M31, Shown is the X-ray point source sensitivity of each NuSTAR-observed galaxy, which is affected most directly by the exposure time and the distance to the galaxy. NuSTAR point source (absorbed) sensitivity limits were calculated for each galaxy based on a 3σ detection (30 ′′ extraction region for telescopes A and B) using the distance and N H values from Table 1 and a spectral index of Γ = 1.7. Exposure times were taken from Table 2 (telescopes A+B) and we assumed a constant background based on the value from the 30 ′′ NuSTAR background spectrum file. Lines of constant exposure time for telescopes A+B in Ms are shown based on the same assumptions with a constant N H value of 10 20 cm −2 .
OBSERVATIONS
M82, and Holmberg IX, only some observations were simultaneous with Chandra/XMM-Newton. If simultaneous observations were not present, we used observations as close in time as possible. We used Chandra ACIS observations and XMM-Newton PN for 11 of the 12 galaxies because of the higher signal-to-noise ratio compared to XMM-Newton MOS. The XMM-Newton PN observation of M81 was taken in small window mode and so we used the MOS detector data in order to cover the entire FOV. This combination of Chandra/XMM-Newton observations ensures we have high spatial resolution X-ray data to create point source lists used in NuSTAR data processing (see Section 4.3). Figure 2 . Shown are the star formation rates (SFR) and stellar masses M ⋆ for all 12 galaxies in the sample (see Table 1 and Section 2.1 for SFR and stellar mass calculations). Lines of constant specific SFR (SFR/M ⋆ ) are indicated to gauge the contribution from HMXBs. The Milky Way has been included as a comparison to the sample. The inset shows a histogram of the sSFR for all galaxies in the sample. The calculation of stellar mass and SFR assumed a Kroupa (1998) and Kroupa (2001) IMF, respectively. Note-Simultaneous/archival NuSTAR and Chandra/XMM-Newton observations for galaxies in the sample (Table 1) . Livetime represents the exposure time of the cleaned event file (Section 4).
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DATA ANALYSIS
NuSTAR
NuSTAR data were reduced using heasoft v6.19/nustardas v1.6.0 along with CALDB version 20161021. We reprocessed all Level 1 event files using nupipeline to obtain cleaned level 2 event files. This script measured the alignment of the mast connecting the focal plane detectors and optics, applied gain and dead time correction, flagged bad/hot pixels, filtered good time intervals and screened events based on grade and status, and converted raw detector positions into sky coordinates. The script also filtered out observational data during passages through the South Atlantic Anomaly that caused periods of high background, accomplished by setting the parameters SAAMODE to strict and TENTACLE to yes. While reducing exposure times by ∼ 10%, these parameters decreased the uncertainty associated with our background calculations. We also inspected light curves to ensure no flares were present. We only used observing mode 01 event data for both focal plane modules A and B throughout our analysis. The resulting total exposure times for each observation after applying all these corrections/filters are listed in Table 2 .
We computed the background for each telescope (FPMA/B) in each observation for each galaxy using the publicly available tool nuskybgd (Wik et al. 2014b ). The NuSTAR background is comprised of stray light (from the cosmic X-ray background or bright sources outside the FOV), reflected solar X-rays, the focused cosmic X-ray background, and the instrumental background. Due to the spectral and spatial variation of the background across even individual detectors, accurate modeling is required to produce background images at source locations. For each observation, we created four source-free 3 box regions for each of the detectors (0 − 3) of each telescope (A/B) for fitting a background model (see Wik et al. 2014b for an example). Stray light from bright sources within approximately 1
• − 5
• of the optical axis can cause significant contamination in addition to the aperture background component. Stray light was only an issue for M83 (see Yukita et al. 2016) . We were able to overcome this issue by excluding data from telescope B in the Jan 2014 observation and excluding telescope A data for the remaining observations.
Chandra and XMM-Newton
Reduction of Chandra ACIS observations was performed using the chandra interactive analysis of observations (ciao) tools package version 4.7.2 (Fruscione et al. 2006) and the chandra calibration database (caldb) version 4.8 (Graessle et al. 2006) . Chandra data were reduced using the chandra repro script. Events files were filtered using the standard (ASCA) grades (0, 2 − 4, 6), status bits (0), good time intervals, and CCD chips (I0-I3 for ACIS-I and S3 for ACIS-S). We then created exposure maps and exposurecorrected images using fluximage with a binsize of 1 in the 4 − 8 keV energy band. Source lists were created with wavdetect using the √ 2 series from 1 to 8 for the scales parameter and corresponding exposure maps to reduce false positives. Default settings were used for all other parameters.
XMM-Newton data were reduced using sas v.16.0.0. Level 1 event data were processed using the epchain and emchain scripts. High-background intervals were filtered using the pnfilter and mos-filter scripts. We created 4 − 10 keV images using single-and double-pixel events (PATTERN 0 − 4) for the PN detector and single-to quadruple-pixel events (PAT-TERN 0 − 12) from the MOS detector. Source lists were created using edetect chain with 16 spline nodes and likelihood threshold of 6 to include faint sources.
NuSTAR Point Source Detection via PSF Fitting
Point source detection in NuSTAR images can be complicated in regions with a high spatial density of comparably bright point sources such as those present in many galaxies. The moderate-quality 18 ′′ PSF core FWHM can lead to source confusion and/or PSF contamination by sources within 58 ′′ (corresponding to the NuSTAR PSF half-power diameter). Therefore we used simultaneous or archival Chandra and XMM-Newton observations to create point source lists to localize and determine source characteristics in the NuSTAR observations. For each galaxy we merged the NuS-TAR imaging data from telescopes A and B to increase the signal-to-noise ratio. Exposure times for Chandra and/or XMM-Newton observations were sufficient to reach below the sensitivity limits of the combined NuSTAR observations for each galaxy. The methodology outlined here follows that in Wik et al. (2014a) .
PSF and Response File Generation
Due to NuSTAR's 58 ′′ PSF half-power diameter and 18 ′′ PSF core FWHM, source confusion is an issue in crowded fields. To accurately determine a source's count rate, we modelled the PSF of each source to deconvolve the contribution from nearby sources. The PSF shape changes more dramatically once sources are > 3 ′ off-axis, such that pointing variations over the course of an observation can induce errors in the PSF shape. We created composite PSFs for each source using PSF model images from the CALDB that were weighted by the time spent at each off-axis angle. The same procedure was applied to determine the vignetting function, which represents the effective area and is dependent on both off-axis angle and energy. The average vignetting of an image with a given energy band is found by weighting the vignetting function over that energy range by a power law spectrum typical of XRBs with Γ = 1.7, to ensure the calculated vignetting function is appropriately weighted for the sources we are studying. The weighting was used to prevent the higher-energy vignetting from influencing our results, due to NuSTAR having a strongly energy-dependent vignetting function (e.g. Harrison et al. 2013; Madsen et al. 2015) . ARFs were created by multiplying the on-axis ARF from the CALDB by the weighted vignetting function. RMFs were created using the appropriate response file from the CALDB. ARFs and RMFs were created for each source and were used to obtain corrected count rates. The overall result was count rates that were the same as those expected for an on-axis source.
PSF Fitting and Astrometric Alignment
Using the previously described techniques for generating data products, we determined the astrometric shifts for every observation and count rates via PSF fitting. We used the Chandra/XMM-Newton source positions as the reference coordinate system and used the brightest few sources to determine the (x/y) image shifts of the NuSTAR data. This was completed for every ObsID in the galaxy sample using the 4 − 25 keV images. These shifts were then applied to the images and the PSF fitting routine was executed again to determine count rates without fitting for image shifts. To reach the lowest sensitivity limits for each galaxy, we merged data from both NuSTAR telescopes A and B and combined all observations.
The Chandra/XMM-Newton source positions for the brightest sources were used as inputs for the fitting procedure. The composite PSFs and response files were created for each source in a rectangular region that included all sources with overlapping PSFs in the region. A background image was created at each source location using the background model computed for each focal plane module in an observation. A model image was created by combining the PSF and background images, which was then fit to the actual data using the Cash statistic (Cash 1979) . The Cash statistic was minimized using the Amoeba algorithm (Press et al. 2002) , which is ideal for models without derivatives. Count-rate errors were estimated by completing 1000 Monte Carlo simulations of the best-fitting model. During the process if a better fit was found then the original model parameters were reset and fitting was repeated. The 90% uncertainty range was calculated from the inner 900 sorted values for each simulated parameter. We determined count rates in the soft (S , 4 − 6 keV), medium (M, 6 − 12 keV), hard, (H, 12 − 25 keV), and full (F, 4 − 25 keV) NuSTAR energy bands because they provided the most robust separation between sources (see Section 5.1). The same source positions were used when fitting each energy band. We omitted all sources with count rates < 10 −4 counts s −1 in each energy band and required that a source was detected (count rate above the 90% confidence threshold) in at least one energy band. In Figure 3 we show an example of the NuSTAR data and detected NuSTAR point sources for IC 342.
Simultaneous PSF Fitting
Our goals of identifying the accretion states and compact object types of NuSTAR point sources rely on using hardness-intensity and color-color diagrams. However, the hardness ratio uncertainties can be prohibitively large due to error propagation from count rates. To improve our methodology we used the technique developed by D. Wik et al. 2018 (in prep.) . Briefly, the soft, medium, and hard energy band images were fit simultaneously -with the PSF models described in Section 4.3.2 -using hardness ratios and the full (4 − 25 keV) count rate as free parameters instead of the S , M, and H rates themselves. The hardness ratios HR1 = (M − S )/(M + S ) and HR2 = (H − M)/(H + M), as well as the full energy band F = S + M + H were free parameters in the fit instead of fitting individual energy bands to determine count rates. In order to use F, HR1, and HR2 as free parameters we defined the variables C = (1−HR1)/(1+HR1) and D = (1 + HR2)/(1 − HR2) to convert to count rates in each energy band:
By changing the free parameters, we were able to directly calculate uncertainty ranges on the hardness ratios from the data itself, which avoids error propagation (and any assumptions behind that method) from introducing new systematic uncertainties. This method allowed uncertainties for fainter sources to be calculated more accurately, which allowed better limits to be derived when a source was not detected in one of the energy bands. We used the same source positions that were used for fitting each energy band in Section 4.3.2 such that there was no variation in source positions between methods. In Table 8 we list the count rates in each energy band (S , M, H, and F) and their 90% upper and lower confidence intervals that were derived from individual PSF fitting of each energy band (Section 4.3.2). The S , M, and H count rates were not derived from simultaneous PSF fitting using equation 4 because their propagated uncertainties are poorly constrained compared to individual PSF fitting of each energy band. Sources were grouped by galaxy and numbered in order of decreasing 4 − 25 keV count rate. We also show the hardness ratios HR1 and HR2 and their uncertainties from the simultaneous PSF fitting of the soft, medium, and hard energy bands summarized in this Section. The 4 − 25 keV luminosity was estimated by converting the 4 − 25 keV count rate (derived from simultaneous PSF fitting summarized in this Section) assuming a spectral model typical of XRBs, with Γ = 1.7 and N H values from Table 1 . We estimated the influence of using Γ = 1 for sources classified as pulsars (see Section 5.1) and found a < 10% difference in count rates, corresponding to < 0.05 shift in color-space for pulsars. This does not change source classifications and is smaller than the uncertainties on the hardness ratios. In Table  8 we presented the count rates from individual PSF fitting in each energy band (S , M, H, and F) but we used HR1, HR2, and F from simultaneous PSF fitting for our X-ray source diagnostics (Section 5.1) due to the improved constraints on uncertainties.
RESULTS AND DISCUSSION
In this section we classify BH and NS using NuSTAR hardness-intensity and color-color diagrams. With this information we study the characteristics of compact object types/accretion states and trends with sSFR. We investigate the correlation of XRB luminosity with SFR and stellar mass. Lastly, we study the XLF of the NuSTAR sample and determine the ratio of BH to NS using BH and NS-only XLFs.
NuSTAR XRB Diagnostic Diagrams
It has long been understood that there are significant observable changes in the X-ray spectra of accreting BH and NS systems, which give an indication of changes in the underlying accretion state (e.g. the extent of the accretion disk that dominates in the softer X-rays versus nonthermal/coronal components that are more X-ray hard; see review by Done et al. 2007 ). These changes may, in large part, be directly linked to accretion physics phenomena and have advanced our understanding of the overall geometry of accreting compact objects. These states form the basis of the diagnostic diagrams we use in our work with NuSTAR, so we begin with a short review of current understanding of such spectral state changes.
Uhuru observations of Cygnus X-1 by Tananbaum et al. (1972) revealed a state change where the 2 − 6 keV X-ray intensity decreased by a factor of 4 and the 10 − 20 keV Xray intensity doubled. Along with the simultaneous brightening of the radio counterpart, this result indicated that spectral changes signified important changes in accretion physics of BH XRBs. Following 14 years of extensive monitor- (Table 2 , telescopes A and B), whereas the D 25 ellipse (white) is larger than the FOV (Table 1 ) and cuts through the top right corner. Numbers represent the detected NuSTAR X-ray point sources from Table  8 , where circle sizes are proportional to 4 − 25 keV count rate. Right: False-color NuSTAR image smoothed by a Gaussian of 7 pixels. Magenta numbers are identical to the left panel.
ing with RXTE, there are now thousands of high signal-tonoise spectra and fairly well-understood phenomena for outbursts and state transitions for BH/NS as a population (e.g Maccarone 2003; Done et al. 2007; Church et al. 2014; Tetarenko et al. 2016) . BH in the hard state produce hard thermal Comptonized spectra that can be described by a power law with a photon index Γ ∼ 1.7 with a cutoff at ∼ 100 keV. The BH soft state has a spectrum that is dominated by a disk blackbody component that peaks at ∼ 1 keV and a weak power law tail extending to 500 keV with photon index Γ ∼ 2. The BH intermediate state is a transitional stage between the hard and soft states (e.g. , exhibiting a soft spectrum as the thermal disk component appears with increased mass accretion rate. In addition, the hard power-law component steepens to Γ ∼ 2 − 2.5. Almost all Galactic BH XRBs were found to follow the same hysteresis pattern in a hardness-intensity diagram (Maccarone 2003; Done et al. 2007 , see below for a more detailed discussion). The only sources that do not fit this pattern are Cygnus X-1 and X-3 (Smith et al. 2002) , where Cygnus X-1 happens to be the only bright BH HMXB in the Galaxy (Cygnus X-3 is a BH candidate HMXB). Given that our sample is comprised of late-type galaxies, many with ongoing star-formation, the majority of sources we detect will be bright HMXBs. Therefore we must exercise caution when interpreting BH accretion states in our sample. The drastic spectral changes that occur in BH allow them to be uniquely identified by their accretion state using hardness-intensity and color-color diagnostics (e.g. Done et al. 2007 ).
NS occupy a much narrower band in hardness-intensity and color-color diagrams when compared with BH. Due to the small dynamic range of NS colors and the uncertainties associated with extragalactic sources, we are unable to robustly separate NS accretion states. Instead, we group all Z/Atoll sources (non-magnetized NS) together, which are distinct from the harder spectra of young, magnetized accreting pulsars. The spectra of accreting pulsars are usually best described by a hard power law with photon index Γ ∼ 1 and a cutoff at ∼ 20 keV (e.g. White et al. 1983 ). Z-track sources are named based on the Z pattern they trace out in a hardnessintensity diagram, through the horizontal, normal and flaring branches (Hasinger & van der Klis 1989; Schulz et al. 1989) . Atoll sources are less luminous (< 10 38 erg s . There is also a thermal disk component that peaks between 1 − 2 keV, which for Atoll sources is weak in the island state and can be very strong in the banana state, but for bright Z sources it can rise to 50% of the total luminosity (Church et al. 2014 ). This rich phenomenology enables us to classify X-ray point sources as BH or NS based on luminosities and colors.
A. Zezas (private communication) has completed detailed spectral fitting of ∼ 2500 Galactic RXTE PCA observations of 6 extensively-studied BH and 9 pulsars, where the compact object and orbital properties are extremely well constrained. The spectral library for BH (Sobolewska et al. 2009 ) and pulsars (e.g. Reig 2011) were used to characterize each source class/state. The best-fitting results were converted from the RXTE to the NuSTAR energy bands. We selected the soft (S , 4 − 6 keV), medium (M, 6 − 12 keV), hard, (H, 12 − 25 keV), and full (F, 4 − 25 keV) NuSTAR energy bands because they provided the most robust separation between sources. Following work from Wik et al. (2014a) and Yukita et al. (2016) , we created NuSTAR diagnostic diagrams to determine global properties of the point source population, specifically the distribution of compact object types and accretion states.
In Figure 4a we show the hardness-intensity (left) and color-color (right) diagrams. Due to the overlap between different accretion states and source types in both diagnostic diagrams, there remain some ambiguities in these diagnostics for some sources, even when the statistics are excellent. For the 4 − 25 keV count rates, sources near the detection limit naturally have larger uncertainties compared to the brightest sources.
In Figures 4b-4i we show the hardness-intensity and colorcolor plots for each galaxy in our sample. We grouped galaxies in Figures 4g and 4h with similar sSFR. Uncertainties shown represent the 90% confidence interval and delineated regions on the color-color diagram are approximations to isolate different accretion states and source types. Numbers label point sources by decreasing 4 − 25 keV count rate.
Due to the many observations with varying cadence that have been co-added for each galaxy, the count rates and hardness ratios represent averages, potentially hiding any variability. Wik et al. (2014a) was able to study the multi-epoch properties of the brightest 8 sources in NGC 253 and found only one underwent a state transition, while two sources varied slightly in flux. Yukita et al. (2016) found no statistically significant variability among M83 sources over 3 epochs. However, while most extragalactic sources studied may be persistent, galaxies such as M82 with longer exposure times and high cadence require more detailed investigation. In Figure 4j we show all point sources from all galaxies in the sample. The left panel shows that most point sources overlap with the BH XRB intermediate state, which is degenerate with the Z/Atoll source loci. However, the color-color plot allows for clearer separations between source types and shows that some of these sources are likely NS accretors.
Combining X-ray luminosity with HR1 and HR2 allows us to constrain X-ray source characteristics via identification of the accretor and accretion state. Color-color plots show more robust separation, particularly the Z/Atoll NS sources that are localized below the BH points with softer HR1 colors. This is due to the spectra of non-magnetized NS (and Note-90 of the 128 sources in our sample were separated into the BH/NS classification. From these 90 classifications, 2 BH and 1 NS could not be classified to a particular accretion state. We assumed that all ULXs were BH (see Section 5.2).
also ULXs), which turn over more quickly than BH (e.g. Maccarone et al. 2016 ). There are ∼ 10 NuSTAR sources that overlap the isolated Z/Atoll sources (not identified as ULXs based on L X ) and are undetected in HR2; however, the upper limits constrain them to the NS region. The scatter about the intermediate state is evident, especially for sources near and above the hard state, which are possibly background galaxies. Given the loci and uncertainties in the diagnostic diagrams, we were able to classify 90 compact objects and 87 accretion states from our sample of 128 sources. These are candidate classifications that require further detailed study (e.g. multiwavelength spectra) to confirm their nature. When source classification between the diagnostic diagrams disagreed, we utilized the color-color result due to its improved source separation. The identifications for each source are shown in Table 8 , while the total number of sources in each category is shown in Table 3 .
AGN Contamination
To estimate AGN colors we used the results from the NuS-TAR extragalactic survey of Del Moro et al. (2017) , who calculated the average broadband (3 − 24 keV observed frame) X-ray spectral properties of 182 AGN. They found an average power law photon index of Γ = 1.65, flatter than the typical Γ ≈ 1.8 for AGN (e.g. Tozzi et al. 2006) . The spectral slope of broad-line and X-ray unabsorbed AGNs was consistent with typical values (Γ = 1.79), but narrow-line and heavily absorbed sources had values as low as Γ = 1.38. We used the best-fitting spectral parameters for composite spectra that were grouped into all AGN, narrow-line AGN, and broad-line AGN, varying the redshift from z = 0.00 − 0.08. We show the implied colors of AGN in the right panels of Figure 4j . AGN are found in a variety of locations, but most are concentrated in regions with large HR1 or HR2 colors. In particular, M82 has 4 sources located in the bottom right corner of its color-color diagram, which may be absorbed NS sources as opposed to AGN, due to the large values of extinction in M82.
We also used the NuSTAR AGN number counts from Harrison et al. (2016) to determine the number of background galaxies expected for each galaxy in the sample, based on the NuSTAR FOV and the sensitivity limits for detected sources. In Table 4 we show the expected number of background AGN for each galaxy. These estimates closely match the number of unclassified sources that overlap the Figure 4a. NuSTAR hardness-intensity (left) and color-color (right) diagrams for Galactic XRBs. The data points indicate different accretion states and compact object types: accreting pulsars (magenta squares), hard state BH XRBs (blue circles), intermediate state BH XRBs (green stars), and soft state BH XRBs (red triangles). These data points were based on spectral fits to thousands of RXTE PCA observations of Galactic XRBs in well-defined accretion states and with known compact object types. Z/Atoll NS are shown as inverted cyan triangles and are based on spectral fits to RXTE and BeppoSAX observations of Galactic LMXBs (Church et al. 2014) . ULXs (orange diamonds) were derived from spectral fits from various studies: Bachetti et al. Numbers label point sources by decreasing count rate (see Table 8 ). Note-The number of background AGN expected in each observed field based on the NuSTAR AGN number counts from Harrison et al. (2016) . These estimates closely match the number of unclassified sources that overlap the AGN region in the color-color diagrams for each galaxy.
AGN region in the color-color diagrams for each galaxy. Optical follow-up is required for all NuSTAR-detected sources to determine which are background AGN. 
Connections with sSFR
In Figure 5 we plot the distribution of identified candidate BH and NS as a function of the sSFR of each galaxy. We also plot the BH fraction, defined as N BH / (N BH +N NS ). As shown in Figure 2 , the galaxy sample is not uniform across sSFR and therefore features of the histogram may be biased based on the sSFR distribution. At large sSFR a higher fraction of BH is evident, which likely represent BH-HMXBs that have formed from recent star formation episodes. Conversely, NS begin to dominate galaxies towards lower sSFR, as BH-HMXBs become less numerous and older (LMXB) populations are more prevalent. M31, which is not shown here, is dominated by NS at log(sSFR/yr −1 ) = −11.5. A Spearman's Rank test on the fraction of BH versus sSFR gave a p-value of 0.072 and coefficient r s = 0.56. While the coefficient indicates weak monotonicity, the p-value is too large to claim a correlation. However, when including M31, which is dominated by NS and extends the sSFR to lower values, we obtain a p-value of 0.028 and coefficient r s = 0.63. However, there a number of caveats we must consider. Firstly, most galaxies in the sample have 4 − 25 keV sensitivities of
, which is not a sufficient limit from which to draw conclusions between BH fraction and sSFR. In addition, M31 NuSTAR observations extend down to 10 36 erg s −1 , 1 − 2 orders of magnitude fainter than the rest of the sample. Even among the remaining galaxies, completeness is not uniform (see Figure 1 ). These issues are exacerbated due to NuSTAR's PSF, which can mask sources under the broad wings of e.g. ULXs, thus biasing sensitivity. Therefore, an expanded sample with improved statistics and completeness for X-ray point sources in each galaxy is necessary to draw conclusions between sSFR and the ratio of BH/NS. Do we expect to find a different ratio of BH/NS based on galaxy type? The preliminary indication that BH fraction may be larger for high-sSFR and decline towards low-sSFR, while not statistically significant, has interesting implications. Firstly, these results are strictly limited to the XRBs we can detect, and therefore the population of BH and NS that are preferentially faint will be missed. Therefore it is difficult to address the issue of compact object formation rates. This type of study is more applicable to the issue of mass accretion rate and conversion of accretion into luminosity. BH HMXBs generally accrete mass via the wind of the donor star at a rate proportional to M We expect high luminosities in the third case only for very short period sources, and in the second case for transient outbursts or a donor of mass ≈ 1 M ⊙ . Most BH are transient sources (e.g. Wiktorowicz et al. 2014; Corral-Santana et al. 2016; Belloni & Motta 2016) , and there is only one strong candidate persistent BH LMXB in the Milky Way, 4U 1957+115 (e.g. Ricci et al. 1995; Nowak et al. 2008; Gomez et al. 2015) . Some sources could be long duration outburst transients, such as GRS 1915+105, which may be difficult to distinguish from persistent sources without extremely long light curves. Thus, the most lu- minous (persistent) LMXBs are more likely to be NS. We would then expect to detect a lower BH fraction in galaxies with low-sSFR dominated by LMXBs. However, this effect would not necessarily extend down the luminosity function, where numerous transient BH LMXBs reside.
In Figure 6 we show the distribution of BH accretion states (left) and accreting NS sources (right) as a function of the sSFR of each galaxy. Two BH and one NS source could not be separated by accretion state. All sources with L X (4 − 25 keV) 1.3 × 10 39 erg s −1 , the Eddington limit for a 10 M ⊙ BH, are classified as ULXs. Eight of fifteen ULXs are found at high-sSFR as expected due to elevated star formation. Hard state BH compose a large proportion of sources at all sSFR, indicating a common XRB accretion state independent of sSFR. With optical follow-up it may become apparent that a fraction of hard state sources are background AGN, which would explain their prevalence at all values of sSFR. Intermediate state sources are found at intermediate sSFR. The accreting pulsar population is prevalent in the starburst galaxy M82 at log(sSFR/yr −1 ) = −9.4, whereas the fraction of Z/Atoll NS increases towards lower sSFR as expected. M31, which is not shown here, is dominated by Z/Atoll sources.
Hard state BH appear as a large fraction of all identified accretion states at all sSFR in the left panel of Figure 6 . However, we do not expect there to be a relation between BH accretion states and sSFR. Instead, the accretion state depends on parameters such as orbital separation and disk instabilities. Tetarenko et al. (2016) recently produced an updated catalog of Galactic BH XRBs that provides a convenient comparison for our extragalactic sample. The study found that 38 All galaxies Figure 4j . As in Figure 4b for all sources from all galaxies. The left panel shows that most point sources overlap with the BH XRB intermediate state, which is also degenerate with hard state BH and Z/Atoll NS. The characteristics of the soft state are such that our sensitivity limits prevent us from detecting many sources in this region (see Section 5.1.2). The right panel shows more distinct separation between accretion states and compact object types, specifically the sources constrained in the Z/Atoll NS region. In particular, there are fewer sources located in the intermediate state due to the constraints from 12 − 25 keV. The color-color diagnostic was used for source classification because it was more robust at breaking degeneracies between source types. Sources in the right panel with large hard colors above the hard state are possibly background AGN that can be identified with optical follow-up.
long periods were spent in the hard state or the source would reach the intermediate state then transition back to the hard state. They found that this hard state-only behaviour was not limited to recurrent transients but also seen in long-term transient and persistent accreting BH (Tetarenko et al. 2016 , and references therein). The duration of Galactic BH outbursts vary depending on whether they were successful (i.e. state transition occurred) or hard state-only, having mean values of ≈ 247 and ≈ 391 days, respectively (Tetarenko et al. 2016) . These hard state outburst sources generally have peak luminosities 0.11 L Edd , near the transition region to soft state luminosities. The hard state-only phenomenon is thought to occur in sources with low-level mass accretion rates. These factors may also explain the lack of identified soft state sources. While we need increased sensitivity to detect soft state sources, NuSTAR observations of M31 reaching have shown that most sources are NS compared with only 2 − 3 potential BH hard state candidates. Of these BH candidates, none were soft state sources. , similar to the persistent Galactic BH-HMXB Cygnus X-1 5 , which spends most of its time in the hard state (Grinberg et al. 2013) .
The accreting pulsars used to create the diagnostic diagrams in Figure 4j are Galactic NS with strong magnetic fields, accreting from high-mass companions. We detected accreting pulsar candidates in M82 (8), NGC 253 (5), Circinus (2), IC 342 (2), and one in each of M83, NGC 1313, NGC 4945, and Holmberg IX. These types of sources are produced by recent bursts of star formation, thus it is no surprise that M82 and NGC 253, galaxies with the largest SFR in our sample, contain a large number of pulsars. X-ray pulsars have also been found in the Large (e.g. and sSFR similar to that of M82. To date, various studies have identified 64 pulsars in the SMC (Haberl & Sturm 2016; Vasilopoulos et al. 2017) sources. They argued that BH candidates that are persistent and luminous are more likely NS (e.g. 50 M31 BH candidates in Barnard et al. 2014b) .
5 Not part of the RXTE sample Galactic BH sources used to create NuS-
and 19 in the LMC (Clark et al. 2015; Antoniou & Zezas 2016; Haberl et al. 2017; Vasilopoulos et al. 2018 , with the majority of sources at least an order of magnitude fainter (Yang et al. 2017 ). This hampers comparison to the Magellanic Clouds because the detection limit of our survey mainly probes accreting pulsars undergoing very luminous type II outbursts, which are very rare (Reig 2011) .
Due to the dependence of the pulsar rate (number formed per SFR) on the time since the star formation episode, and varying sensitivity limits, it is difficult to directly compare results. Pulsars in the SMC were found in regions having a peak in star formation history at ≈ 42 Myr and duration of 33 Myr (Antoniou et al. 2010) . However, using spatially resolved maps of star formation history in the LMC, Antoniou & Zezas (2016) found the region around pulsars peaked earlier at ≈ 13 Myr with duration 32 Myr. There is indication that the dominant stellar population in M82's nucleus is ∼ 10 Myr old, and reaches 100 Myr at 500 pc (Rodríguez-Merino et al. 2011 ). The star-forming complex in the central region of NGC 253 is thought to be < 8 Myr old and have been formed in the last ∼ 30 Myr (Engelbracht et al. 1998; Davidge 2016) . These estimates are broadly in agreement with time-scales from the Magellanic Clouds.
Many galaxies in our sample have rich muti-wavelength data sets that allow these sources to be investigated using UV/optical/IR catalogs, which, in combination with the NuSTAR-Chandra/XMM-Newton data we analyzed, can help confirm the nature of these sources (e.g. to determine if they are located in globular clusters). These cross-correlations will help to confirm the accuracy of NuSTAR diagnostics. We do not perform this analysis here as it is beyond the scope of this paper (see Lazzarini et al. 2018 for detailed optical counterpart identification).
Correlation of X-ray Luminosity with SFR and Stellar
Mass The connection between X-ray luminosity and the SFR and stellar mass of a galaxy has been well studied. Chandra, in combination with multiwavelength data, has constrained the correlation between HMXBs and SFR as well as LMXBs and stellar mass (e.g. Ranalli et al. 2003; Grimm et al. 2003; Gilfanov et al. 2004a; Colbert et al. 2004; Gilfanov 2004a; Persic & Rephaeli 2007; Lehmer et al. 2010; Mineo et al. 2012; Lehmer et al. 2016) . Despite variations in other galaxy properties such as stellar age, metallicity, dynamics, etc., these global relations are remarkably consistent. The wellknown relation between galaxy X-ray luminosity and SFR Figure 6 . Histograms showing the distribution of various BH accretion states (left) and accreting NS sources (right) for given sSFR based on the NuSTAR galaxy sample. Bin sizes vary based on the number of sources at each sSFR. Two BH and one NS source could not be separated by accretion state. As shown in Figure 2 , the sample is not uniform across sSFR and therefore features of the histogram are biased based on the sSFR distribution. ULXs are prevalent at high-sSFR as expected due to elevated star formation, and accreting pulsars are prevalent in the starburst galaxy M82 at log(sSFR/yr −1 ) = −9.4.
can be parametrized as follows:
where L X is in units of erg s . The X-ray luminosity of galaxies at energies 2 keV is dominated by XRBs. While non-linear scalings exist for the individual L X (LMXB) and L X (HMXB) relations based on low stellar mass and low-SFR regimes, respectively (e.g. Gilfanov et al. 2004b) , we also adopt the combined form to constrain the total XRB emission from a galaxy:
Previous surveys have investigated X-ray emission in the 0.5 − 2, 2 − 10, and 0.5 − 8 keV energy bands. X-ray emission from normal galaxies in the 2 − 10 keV band is dominated by XRBs and therefore is a cleaner correlation. We utilized the broad 4 − 25 keV and the hard 12 − 25 keV energy bands to study the L X relation with SFR and stellar mass. The broad band is an ideal comparison to previous 2 − 10 keV studies because of the similar flux in each band for XRB spectra with Γ ∼ 1.7 and average values of extinction. The hard band provides a clean sample of XRB-only emission and insight into how hard X-ray luminosity from XRBs varies with SFR and stellar mass. The NuSTAR sample includes 12 galaxies, with three of these being dwarf galaxies (Holmberg II, Holmberg IX, NGC 5204). A fourth, NGC 1313, is intermediate between dwarf and L ⋆ galaxies 6 . The sample is slightly biased towards intermediate sSFR (Figure 2 ) as a result of the relative lack of nearby starbursts and massive elliptical galaxies. The absence of elliptical galaxies from our sample means that the correlations will be dominated by the star-forming component that produces bright HMXBs. The exceptions to this rule are M31 and M81, where the low SFR and thus lack of bright HMXBs results in LMXBs (globular cluster sources in the case of M31) dominating the integrated emission.
While we expect L X to scale with both stellar mass and SFR, the sample galaxies are mostly intermediate sSFR (not LMXB-dominated), so we also investigated the L X -SFR correlation (e.g. Lehmer et al. 2010; Mineo et al. 2012 ). In Figure 7 we show the integrated 4−25 keV (left) and 12−25 keV (right) point source emission (based on sources in Table 8 ) as a function of the SFR for each galaxy in the NuSTAR sample.
We grouped galaxies in the sample using results from the NuSTAR diagnostic diagrams (Figures 4a-4j) . Specifically, for all the sources in a galaxy that were classified as BH or NS, we determined what percentage of the 4 − 25 and 12 − 25 keV luminosity came from each population. Galaxies with 70% of their L X from BH (NS) were classified as BH-dominated (NS-dominated) and shown as black circles (blue squares). Galaxies that did not meet either of these criteria were classified as mixed and are shown as red triangles. Galaxies that had 70% of their L X from ULXs (defined as sources with L X (4−25 keV) 1.3×10 39 erg s −1 , the Eddington limit for a 10 M ⊙ BH) were classified as ULX-dominated (filled symbols).
In Table 5 we show the proportion of 4−25 and 12−25 keV luminosity from each of these populations. While most ULXs have historically been presumed to be BH, recent work using NuSTAR/XMM-Newton has shown that some sources exhibit pulsations and are in fact NS (Bachetti et al. 2014a; Fürst et al. 2016; Israel et al. 2017a,b) . Only the confirmed ULX pulsar M82 X-2 is in the NuSTAR galaxy sample we analyzed 7 , but we cannot rule out the possibility that other ULX sources may be proven to be NS as opposed to BH. A binary population synthesis study by Fragos et al. (2015) found that only 13% of galaxies that have a similar star formation history to M82 are likely to have ULXs with a NS accretor. Therefore we assumed that galaxies dominated by ULXs have BH accretors.
We fit the log-linear model from equation 5 to the data in Figure 7 . We performed fitting using the generalized linear model (glm) in R (R Development Core Team 2008). The solid black line shows the best fit for the 8 normal 8 (Milky Way-type) galaxies in the sample. We only used the 8 normal (L ⋆ ) galaxies in the sample, excluding Holmberg II, Holmberg IX, NGC 5204, and NGC 1313. Fitting the relation using different morphological types biases the underlying physical assumption of late-type galaxies having Xray point source emission dominated by HMXBs. The bestfitting parameters are shown in Table 6 . Our 4 − 25 keV best fit matches the result from Lehmer et al. (2010) , whereas the 12 − 25 keV fit, while still consistent, is offset based on the assumed spectral model used to convert the Lehmer et al. (2010) relation to 12 − 25 keV. Contrary to these non-linear L X -SFR fits, Mineo et al. (2012) found a linear correlation, which agrees within uncertainties due to the large scatter in the relations. They argued the dispersion was not a result of measurement uncertainties or the CXB/LMXB sources but instead of physical origin.
In order to constrain the total XRB emission from each galaxy we fit the data using equation 7. In Figure 8 we show the integrated 4 − 25 keV (left) and 12 − 25 keV (right) point source emission (based on sources in Table 8 ) normalized by the SFR as a function of the sSFR for each galaxy in the NuS-TAR sample. Classifications are the same as in Figure 7 . To 7 We were not able to separate emission from ULXs M82 X-1 and M82 X-2, which are 5 ′′ apart 8 Galaxies with stellar masses M ⋆ > 10 10 M ⊙ properly analyze XRB emission and its relation with sSFR required us to make corrections to the stellar masses of certain galaxies. We adjusted the stellar masses of M31 and M81 based on the FOV and AGN-dominated emission region, respectively. For M31, we used the updated stellar mass maps from Williams et al. (2017) , which were derived from fits to data from the Panchromatic Hubble Andromeda Treasury Survey, scaled to the FOV of the NuSTAR observations. We did not include the M81 AGN in our source list/analysis and as such excluded the stellar mass in a circular region of radius 1.5 ′ centered on the AGN, where no other sources could be detected. Using Table 3 of Tenjes et al. (1998) we calculated the mass within this region to be 2.4 × 10 10 M ⊙ (25% of the total) and excluded that value from the total stellar mass of M81. Both NGC 4945 and Circinus have Seyfert nuclei that were also excluded from our source list. However, their low-luminosity did not prevent us from detecting sources in their bulges within 0.5 ′ of their nuclei, therefore we do not exclude any stellar mass from the total as it is negligible.
As in Figure 7 , we used the 8 normal (L ⋆ ) galaxies in the sample to determine the best fit to equation 7. The dashed blue line in Figure 8 shows the (glm) best fit, while the parameters are presented in Table 7 . The 4 − 25 keV L X /SFR for the NS model does not differ appreciably from the Lehmer et al. (2010) local galaxy relation. The ULX model of NGC 1313 X-1 does show elevated L X /SFR relative to Lehmer et al. (2010) as expected. For the 12 − 25 keV panel the NS model has relatively lower L X /SFR than the NGC 1313 X-1 ULX model, indicating that NS spectra turn over faster than ULXs. The increased scatter in the 12 − 25 keV panel compared to the 4 − 25 keV is evident as in Figure 7 , particularly for NGC 4945 and NGC 253 in the 12 − 25 keV band. Both panels indicate that L X per unit SFR is larger for lower sSFR.
Previous studies (e.g. Lehmer et al. 2010) found that extinction in the star-forming regions of starburst galaxies could account for the decreased L X /SFR in the 2 − 10 keV band. With NuSTAR, the 4 − 25 keV and especially 12 − 25 keV energy bands are not subject to the same degree of extinction. Even with extreme extinction of N H = 10 , assuming a power-law with Γ = 1.7. Thus, we find that L X /SFR is indeed lower at low sSFR compared to previous studies. A larger sample of galaxies with uniform sSFR is required in order to determine whether these correlations hold for a larger range in sSFR.
The galaxies in the NuSTAR sample are spirals/dwarfs with recent star formation and are not LMXB-dominated ellipti- Note-Percentage of 4 − 25 and 12 − 25 keV luminosity from BH, NS, and ULXs based on the total luminosity for all classified sources. The number of sources in a category is shown in parentheses, and the total number of sources in each category is shown in the last row. The total number of BH and NS in each galaxy is shown in the BH+NS column. These values were used to categorize galaxies in Figures 7 and 8, where galaxies were classified as NS, BH, and ULX-dominated if >70% of their point source emission came from one of these groups. Table 8 ) as a function of the SFR of that galaxy is shown for the NuSTAR sample. The same spectral model for conversion from count rate to L X was assumed as in Figures 4a-4j. Galaxies were classified as NS (blue squares), BH (black circles) and ULX-dominated (filled) if >70% of their 4 − 25 keV (left) or 12 − 25 keV (right) point source emission came from one of these groups (see Table 5 ). Galaxies that were not BH or NS-dominated were classified as mixed (red triangles). The dashed blue line shows the L X -SFR relation for 29 nearby star-forming galaxies from Mineo et al. (2012) , with the dispersion shaded light blue. The dotted red line represents the L X -SFR relation for 66 normal galaxies from Lehmer et al. (2010) , with horizontal gray lines showing the dispersion. We converted these relations to the 4 − 25 and 12 − 25 keV bandpasses using the same spectral model as in Figures 4a-4j . The solid black line shows the best fit for the 8 normal (Milky Way-type) galaxies in the sample (see Section 5.2 and Table 7 , red crosses indicate dwarfs excluded from the fit), with yellow vertical lines showing the dispersion. The 4 − 25 keV fit matches the result from Lehmer et al. (2010) whereas the 12 − 25 keV fit is offset based on the assumed spectral model. cal galaxies. As such, their point source emission should be dominated by HMXBs. The four dwarf galaxies that are BH and ULX-dominated all have elevated L X /SFR for a given sSFR compared to the normal L ⋆ galaxies. This effect may be a result of the star formation history of a galaxy that leads to a peak in L X /SFR, similar to the peak in the Be-HMXB distribution ∼ 50 Myr after a star formation episode found in nearby galaxies (e.g. Antoniou et al. 2010; Williams et al. 2013; Antoniou & Zezas 2016) . However, M82 X-1 has also Note-Best-fitting parameters and 1σ uncertainties for log L X = log A + B log SFR (equation 5) for the 8 normal (Milky Way-type) galaxies in the NuSTAR sample from Figure 7 . Note-Best-fitting parameters and 1σ uncertainties for the relation L X (XRB) = αM ⋆ + βSFR (equations 6 and 7) for the 8 normal (Milky Way-type) galaxies in the NuSTAR sample from Figure . The transient nature of XRBs, specifically the duration and recurrence times of their outbursts, can introduce complications in studying the relationship of L X with SFR and stellar mass.
Hard X-ray Luminosity Functions
XLFs of nearby galaxy point source populations are a powerful tool because they are not subject to the uncertainties associated with Galactic sources (distance, extinction, low number statistics, etc.). Gilfanov (2004a) investigated a sample of 11 nearby galaxies with old stellar populations and determined that the total X-ray luminosity and the XLF of LMXBs each scaled with stellar mass. Similarly, Grimm et al. (2003) studied the X-ray populations of nearby spiral/starburst galaxies and found that the total Xray luminosity and XLF of HMXBs scaled with SFR (see Fabbiano 2006 for a review of XRB XLFs). The latter discovery is particularly appropriate for our work as our sample is dominated by late-type galaxies with HMXBs. Recent work by Mineo et al. (2012) using Chandra, Spitzer, GALEX, and 2MASS data of 29 nearby star-forming galaxies confirmed and updated the 0.5 − 8 keV HMXB-SFR relation. They found an XLF power-law slope of 1.6 in the range L X = 10 with evidence for a break above this limit. They did not find any features near the Eddington limit for a NS or BH. However, a larger study of 343 nearby galaxies (213 late-type) with Chandra by Wang et al. (2016) did detect a break dividing NS and BH XRBs in the composite XLF of early and late-type galaxies. For the 213 late-type galaxies the break was located at (6.3 ± 0.3) × 10 suggests that ULXs are prevalent among high-SFR galaxies. The smooth transition past the Eddington limit for NS may be due to a population of ULX pulsars (see Section 5.2). Recent analysis of XMM-Newton and NuS-TAR data favors super-critically accreting NS as the engines of a large fraction of ULXs; although degeneracy between spectral models warrants deeper broadband observations to support this interpretation (Koliopanos et al. 2017) . If there is a break in the HMXB XLF of late-type galaxies, separating NS and BH XRBs to create independent XLFs would determine how sources are distributed and help interpret the origin of the break.
Do we expect the XLFs of XRBs to differ at harder energies? XLFs of the Milky Way and nearby galaxies are generally presented in the 0.5 − 10 keV energy range. The XLFs in the soft X-ray band (∼ 1 − 10 keV) do not accurately represent the total luminosity of spectrally hard and absorbed HMXBs. For LMXBs, the brightest systems emit most of their energy in the standard ∼ 1 − 10 keV band, whereas faint systems emit a similar amount of energy in the standard and 10 − 100 keV energy range (Revnivtsev et al. 2008) . Only a few studies have investigated the hard (E > 10 keV) XLF, where most have focused on AGN (e.g Sazonov et al. 2007; Paltani et al. 2008; Ajello et al. 2012; Bottacini et al. 2012; Mereminskiy et al. 2016) .
The first hard XLF was presented by Krivonos et al. (2007) using 17 − 60 keV data from the INTEGRAL/IBIS all-sky survey, detecting 219 Galactic sources, including 90 LMXBs and 76 HMXBs. Revnivtsev et al. (2008) used this INTE-GRAL catalog ) to study the XLF of Galactic Center/bulge LMXBs, separating persistent (22) is a result of the spectral change near this luminosity in the 2 − 10 keV band, where sources have very soft spectra and therefore lower luminosities for energies E > 10 keV.
More recently, a detailed XLF for Galactic sources above 10 keV was compiled by Voss & Ajello (2010) Table 8 ) normalized by the SFR as a function of the sSFR of that galaxy is shown for the NuSTAR sample. The same spectral model for conversion from count rate to L X was assumed as in Figures 4a-4j. Galaxies were classified as NS (blue squares), BH (black circles) and ULX-dominated (filled) if >70% of their 4 − 25 keV (left) or 12 − 25 keV (right) point source emission was from one of these groups (see Table 5 ). Galaxies that were not BH or NS-dominated were classified as mixed (red triangles). The solid black line represents the relation from the local (z = 0) galaxy sample of Lehmer et al. (2010) , with the dispersion shaded light gray. The dashed red line shows the relation from the Chandra Deep Field South stacked galaxy sample of Lehmer et al. (2016) with median redshift of 0.7. We converted the original 2 − 10 keV luminosities to our bandpasses using the spectral model assumed by Lehmer et al. (2016) . We also converted the Lehmer et al. (2010) local galaxy result based on various spectral models: using the NGC 1313 X-1 ULX spectrum from Bachetti et al. (2013) −0.2 , which was flatter but similar to the canonical value of ≈ 1.6 for the Milky Way and other galaxies from the soft X-ray. However, the break at 2 × 10 37 erg s −1 was inconsistent with the single power-law slope from soft X-ray surveys. Doroshenko et al. (2014) completed a robust analysis of Galactic LMXB and HMXB XLFs using the INTEGRAL catalog of Krivonos et al. (2012) . A novel method was used to create XLFs that did not require distance measurements for any of the sources. The differential HMXB XLF parameters were α 1 = 0.3 . Both LMXBs and HMXBs had a flatter slope at low luminosities and a lower break luminosity compared to the previous hard X-ray studies.
The only known extragalactic hard XLF was published by Lutovinov et al. (2012) . The power-law slope agreed with previous results in the 2-10 keV band from HMXBs in the LMC (Shtykovskiy & Gilfanov 2005) and predictions from the canonical HMXB XLF (Grimm et al. 2003) .
Following their extragalactic study, Lutovinov et al. (2013) used the 9-year INTEGRAL All-Sky Survey catalog (Krivonos et al. 2012) to study 48 persistent Galactic HMXBs. Differential slopes for the HMXB XLF were α 1 = 1.40 ± 0.13(stat) ± 0.06(syst.) and α 2 > 2.2 with L break = [2.5 . The statistical significance of the break was at the 2σ level, but the authors argued that the low-luminosity flattening of the wind-fed NS-HMXB XLF is likely real. The break luminosity was different from that of Grimm et al. (2002) and Voss & Ajello (2010) , primarily due to the absence of BH systems, transients, Roche lobe systems, and varying completeness-correction methods. The lack of bright (> 10 37 erg s −1 ) HMXB sources in the Galaxy differs from the HMXB XLFs of star-forming galaxies, where the power-law slope continues to higher L X .
To investigate the characteristics of the hard X-ray source population, we plot the 4 − 25 keV and 12 − 25 keV observed XLFs of detected sources in Figure 9 . The number of sources between panels varies because many sources are undetected in the 12 − 25 keV band. The total XLF in both panels, which is comprised of only spiral/dwarf galaxies, has a slope that matches the HMXB XLF from the Milky Way and star-forming galaxies. However, the dwarf galaxies, whose sources are included in the total XLFs, were selected based on hosting ULXs, and so represent a biased sample that skews the bright end of the total XLFs.
Due to low number statistics for individual galaxies, which resulted from a combination of point source sensitivity and source confusion, the total XLF serves as a more robust sample suitable for comparison. The 12 −25 keV XLF represents the intrinsic XRB luminosity for each galaxy as no extinction is expected and contribution from other source types is minimal. The shape is consistent with results from the soft 0.5 − 8 keV energy band. Even though SFR ranges from
there is limited scatter in the XLFs, where variations at low-L X are a result of differing sensitivities. Mineo et al. (2013) found a monotonic increase in the ULX rate with SFR, and therefore the high-luminosity breaks in our XLFs constrain the ULX rate of the sample galaxies. In Figure 10 we show histograms of the luminosity distribution of detected sources in the 4 − 25 keV (left) and 12 − 25 (right) keV energy bands. The 4 − 25 keV completeness limit of our sample is apparent at ≈ 10 38 erg s −1 .
Black Hole and Neutron Star X-ray Luminosity Functions
As opposed to previous extragalactic XLF studies with Chandra and XMM-Newton, we were able to separate the population of XRBs into BH and NS. Identifying compact object types using, e.g., dynamical measurements or quasiperiodic oscillations, is unfeasible for galaxy populations. This simple yet powerful methodology enables us to explore hard X-ray characteristics in relation to BH/NS accretion regimes.
In Figure 11 we show the NS (dashed lines) and BH (solid lines) XLFs in the 4 − 25 keV (black) and 12 − 25 keV (blue) energy bands. XLFs represent all detected sources from the sample in the given energy band (including sources from galaxies whose individual XLFs were not shown in Figure 9 ). Conversions from the bolometric Eddington limits were calculated for BH using the best-fit diskbb + cutoffpl spectrum from IC 342 X-1 (Rana et al. 2015) and for NS using the best-fit powerlaw spectrum from M82 X-2 (Brightman et al. 2016 , respectively, attributable to their 1.4 M ⊙ NS Eddington limits. Increased sensitivity and completeness will be required to confirm these declines. The 4 − 25 keV BH XLF has a more gradual decline past the 4 − 25 keV Eddington limit for a 10 M ⊙ BH, with an abrupt drop at ≈ 7 × 10 39 erg s −1 , the bolometric Eddington limit for a 50 M ⊙ BH. Given the detection of ∼ 30 M ⊙ BH by the Laser Interferometer Gravitational Wave Observatory, it is possible that these sources are stellar-mass BH accreting at the Eddington limit as opposed to super-Eddington sources (Abbott et al. , 2017a Marchant et al. 2017; Abbott et al. 2017b ). The 12 − 25 keV NS and BH XLFs are essentially cutoff at their respective bolometric Eddington limits. How do we interpret the distribution of BH across our luminosity range? Elbert et al. (2018) recently predicted the BH number as a function of galaxy stellar mass using an empirical approach based on the relationship between galaxy stellar mass and stellar metallicity. They estimated that an L ⋆ galaxy should host millions of ∼ 30 M ⊙ BH, while dwarf satellite galaxies like Draco should host ∼ 100. They determined that most low-mass BH of ∼ 10 M ⊙ reside in massive galaxies (M ⋆ ≃ 10 ) ULXs that have been found in dwarf galaxies such as Holmberg II/IX, which contribute to the bright-end of the BH XLF.
One of the main goals of this work was to determine the ratio of BH to NS. In Figure 12 we used the cumulative XLFs to plot the ratio of BH to NS and the BH fraction Figure 11 . By taking the ratio of the BH and NS cumulative XLFs we were able to determine the X-ray luminosities at which each source population is prevalent relative to the other. The 4 − 25 keV band has a ratio of ≈ 1 that begins to rise at the 4 − 25 keV NS Eddington limit, as one would expect the number of NS to decrease. The same is true in the 12 − 25 keV energy band. It is apparent that the 4 − 25 keV ratio of BH/NS peaks past the 10 M ⊙ BH Eddington limit with a value of 15. However, the BH fraction rises past this point, indicating BH dominate but may decrease in total number. Whether this is a statistical fluctuation due to the small sample size or a real peak in total BH number, coincidence with the 10 M ⊙ BH Eddington limit is intriguing in relation to the BH mass distribution. While the BH/NS ratio declines past this point, despite the existence of only one NS source > 10 39 erg s −1 , a larger sample is needed to determine if stellar mass BH in late-type galaxies are not copious in this mass-luminosity regime. A confirmation of the utility for the 12 − 25 keV analysis are the similar ratios and shapes of both histograms.
The BH fraction enables us to study the relation between the BH and NS population at larger L X compared to the BH/NS ratio. Beyond the Eddington limits for a 1.4 M ⊙ NS in each energy band, we see an approximately monotonic increase in the BH fraction, as expected. The BH fraction Figure 9 . NuSTAR XLFs in the 4 − 25 keV (left) and 12 − 25 keV (right) energy bands for detected sources. We only included individual XLFs for galaxies that had at least 10 (5) sources for 4 − 25 (12 − 25 ) keV. No completeness correction nor normalization for SFR nor stellar mass has been applied. The total XLFs (solid black line) represent all detected sources (in the given energy band) from all galaxies in the sample, including those whose individual XLFs are not shown here. The dash black line shows the HMXB XLF from Grimm et al. (2003) , normalized to 17 and 4 M ⊙ yr −1 for 4 − 25 and 12 − 25 keV, respectively. These normalizations were chosen such that the HMXB power law relation was coincident with the total XLF in each panel. The total 4 − 25 and 12 − 25 keV XLFs, which are comprised of only spiral/dwarf galaxies, match well compared to the HMXB XLF from star-forming galaxies. reaches 75% near the 4 − 25 keV 10 M ⊙ BH Eddington limit, quickly approaching unity at the highest L X . The 4 − 25 keV BH fraction decreases below 40% at the bolometric Eddington limit for a 1.4 M ⊙ NS, but given the lone data point to the left and uncertainties, this may not indicate a copious NS population at this L X . To determine if NS cluster near their Eddington luminosities requires a larger sample with uniform completeness for L X < 10 38 erg s −1
. From our previous analysis we quoted 47 BH and 43 NS that were detected in 4 − 25 keV energy band, giving a ratio of ≈ 1 across our luminosity range. We did not detect/identify many BH at faint luminosities compared with NS (4 − 25 keV), however, the opposite is true at high-L X in both energy bands. A broader sample with uniform completeness will be required to eliminate ambiguities. The 12 − 25 keV ratio maintains a similar shape when scaling the 4 − 25 keV luminosity by ≈ 50%. When determining totals for BH and NS, we found the 12 − 25 keV band had a ratio of 27/14 ≈ 2, a factor of two larger than the 4 − 25 keV band, suggesting that BH XRBs are harder than NS XRBs. When comparing relative percentages to the 4 − 25 keV band, a lack of detected NS sources in the 12 − 25 keV band is apparent, and into the quiescent XRB range will require deeper data.
CONCLUSIONS AND FUTURE DIRECTIONS
Using a NuSTAR-selected sample of 12 late-type and dwarf galaxies, we investigated the 4 − 25 keV properties of the XRB population. With novel diagnostic methods that leverage the E > 10 keV energy band, we were able to distinguish between compact object types and accretion states via hardness-intensity and color-color diagrams. Specifically, we were able to classify 90/128 sources in the 4 − 25 keV energy band: 47 BH and 43 NS. This is a marked improvement from previous studies where identifying extragalactic XRB compact object types and spectral states has only been possible for a select few of the brightest systems.
We studied the relationship between BH and NS and the sSFR of a galaxy. A Spearman's Rank test on the BH fraction, N BH / (N BH + N NS ), versus sSFR gave a p-value of 0.072 and coefficient r s = 0.56, indicating weak monotonicity but no correlation. Including M31, which is dominated by NS and has low-sSFR, we obtained a p-value of 0.028 and coefficient r s = 0.63. The data suggests that BH dominate star-forming galaxies and NS dominate low-sSFR galaxies. However, due to the varying sensitivity and completeness of our sample, we require improved statistics to investigate this further. Similarly, while there were indications from the data, in agreement with theoretical expectations, that accreting pulsars dominate at high-sSFR and Z/Atoll sources were , each grouped to bins of 9 BH sources, except the 4 − 25 keV bin at highest L X that has 2 BH sources. BH fraction 1σ uncertainties were calculated using Poisson statistics (Gehrels 1986) . We found that the overall ratio of BH to NS was ≈ 1 for 4 − 25 keV and ≈ 2 for 12 − 25 keV energy band. The 4 − 25 keV BH fraction decreases at the bolometric Eddington limit for a 1.4 M ⊙ NS (beyond the 4 − 25 keV value), suggesting a copious NS population at this L X (see Section 5.3.1 for details).
prevalent at low-sSFR, no statistically significant correlation was found. We found that most BH were identified with the hard accretion state, regardless of host galaxy sSFR, similar to the Galactic BH-HMXB Cygnus X-1. Subsequent analysis of the rich multiwavelength data sets using UV/optical/IR catalogs (in combination with the NuSTAR-Chandra/XMMNewton data we analyzed) can help confirm the nature of these sources. We classified galaxies as BH, NS, and ULX-dominated if > 70% of their total 4 − 25 or 12 − 25 keV X-ray point source emission came from one of these groups. We found that galaxies with sSFR 2×10
were all ULX-dominated, which included all four dwarf galaxies in our sample as well as the starburst galaxies IC 342 and M82. Most galaxies were BH-dominated, whereas in the 4 − 25 keV energy band, only M31 and NGC 4945 were NS-dominated. We confirmed the L X -SFR correlation from previous studies by investigating the 8 normal (Milky Way-type) galaxies in the NuSTAR sample with SFR 0.3 − 12.5 M ⊙ yr −1
. The best-fitting parameters for the relation log L X = log A + B log SFR can be found in Table 6 . The 4 − 25 keV result was nearly identical to previous work in the 2 − 10 keV range despite the use of different galaxy samples.
We constrained the correlation of X-ray luminosity with SFR and stellar mass using the relationship L X = αM ⋆ + βSFR. We determined the best-fitting values (see Table 7 ) for α and β based on the 8 normal (Milky Way-type) galaxies in the NuSTAR sample. In particular, the four dwarf galaxies had increased L X /SFR compared to normal galaxies, based on past scaling relations. This is not surprising as these dwarf galaxies were selected as ULX hosts, and as such are a biased sample. Studying an unbiased sample of dwarf galaxies would help determine a statistically significant L X /SFR relation. With the introduction of new programs/observatories to identify faint dwarf galaxies in the optical (e.g. Dragonfly, Abraham & van Dokkum 2014; Dark Energy Survey, Dark Energy Survey Collaboration et al. 2016), multiwavelength studies incorporating X-ray emission would improve our constraints on X-ray source populations in the low-mass regime.
We measured galaxy XLFs in the 4 − 25 and 12 − 25 keV energy bands, including the first E > 10 keV extragalactic XLF for an ensemble of galaxies. We determined that the combined XLF of all sample galaxies in each energy band followed that of the canonical HMXB XLF found by previous studies at E < 10 keV. Using the classifications for BH and NS, we produced cumulative BH and NS XLFs in the 4 − 25 and 12 − 25 keV energy bands. The 4 − 25 and 12 − 25 keV NS XLFs each indicated a decline beginning at ≈ 10 38 and ≈ 6 × 10 37 erg s −1 , respectively, attributable to the 1.4 M ⊙ NS Eddington limit. Increased sensitivity and completeness in the 12 − 25 keV energy band is required to confirm the decline seen in the 12 − 25 keV NS XLF.
Using our classifications we investigated the characteristics of BH and NS at different L X , with a focus on behavior near the Eddington limits. We calculated the overall BH to NS ratio, finding N BH /N NS ≈ 1 (4 − 25 keV) and N BH /N NS ≈ 2 (12 − 25 keV), over a 4 − 25 and 12 − 25 keV luminosity range for all detected sources of ∼ 10 37 − 10 , respectively. We found that the 4 − 25 keV ratio of BH to NS increased from a value of 1 past the 4 − 25 keV Eddington limit for a 1.4 M ⊙ NS and reached a maximum value of 15 near the 4 − 25 keV Eddington limit for a 10 M ⊙ BH. However, while the total number of accreting stellar-mass BH may decrease beyond the 10 M ⊙ BH L Edd , an improved statistical sample is required to determine its validity. To extend to larger L X we investigated the BH fraction, N BH / (N BH +N NS ) , finding approximately monotonic increase beyond the Eddington limits for a 1.4 M ⊙ NS in both energy bands. We found evidence for a decrease in the BH fraction below 40% beyond the 4 − 25 keV Eddington limit for a 1.4 M ⊙ NS (the data point was coincident with the bolometric Eddington limit for a 1.4 M ⊙ NS). A larger sample with uniform completeness for L X < 10 38 erg s −1 is required to determine if NS cluster near their Eddington luminosities.
This galaxy sample was biased towards late-type/spiral galaxies and contained no early-type galaxies, meaning that we did not offer a comprehensive view of older stellar populations. Future observations that focus on building a sample of elliptical galaxies would be of great interest. Such galaxies have inherently faint LMXB populations and thus require extended observing campaigns. However, the nearest candidate, Cen A, is problematic due to its AGN, and most giant elliptical galaxies are located at d 10 Mpc, prohibiting resolved XRB studies with NuSTAR. Therefore, to improve our understanding of the XRB population in elliptical galaxies at E > 10 keV requires a next generation hard X-ray telescope. Using our XRB classifications and XLFs enables comparison with binary population synthesis modeling (Fragos et al. 2009; Sørensen et al. 2017 ) that predicts the NS and BH XRB populations in these galaxies. Expanding the range of sSFR coupled with increased sensitivity has the potential to profoundly impact the study of accreting compact objects.
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NOTES ON INDIVIDUAL GALAXIES
IC 342 IC 342 is a nearly face-on spiral galaxy with intense star formation activity in its core (Becklin et al. 1980) . A member of the IC 342/Maffei group of galaxies, it is located near the Galactic plane at b ∼ 10
• , making it difficult to constrain X-ray emission 1 keV. IC 342 has been studied by all major X-ray observatories over the past four decades. Chandra high-resolution camera imaging (HRC-I) of the central 30 ′ by 30 ′ region by Mak et al. (2008) resulted in the detection of 23 sources. They found that one of the three historical ULXs detected by Einstein was actually coincident with the nuclear center and thus not a ULX. Multiple ACIS-S observations have been used to study the spectrum of ULX IC 342 X-1 and to create a point source catalog consisting of 61 sources (Liu 2011 ). Mak et al. (2011 for sources X-1 and X-2, respectively. Joint spectral fitting of each source ruled out the possibility of a BH binary in a low/hard accretion state. They concluded that further broadband spectral studies are needed to identify the origin of the spectral components. . Based on multiwavelength data they identified 87 supernova remnant (SNR) candidates, which dominated the population in the disk. Long et al. (2014) classified X-ray point sources using spectral and temporal analysis. Spectral fitting of the 29 brightest (> 2000 counts) sources showed that most SNRs were associated with the spiral arms while the harder sources (likely XRBs) were not. Analysis of the cleaned XLF (foreground sources, AGN, and SNRs removed) indicated that most of the XRBs in the disk are LMXBs as opposed to HMXBs. The recent NuSTAR/XMM-Newton/Chandra survey by Yukita et al. (2016) detected 21 point sources and found that the hard X-ray emission E > 10 keV was dominated by intermediate accretion state BH XRBs and NS LMXBs. . Part of the M81 group of galaxies, the starburst is likely a result of interaction with M81. Until the launch of Chandra, the discrete X-ray point source population of M82 was not well-studied due to the large number density of sources in the nucleus and the presence of X-ray emission from hot gas from the starburst. To date, most studies still focus on the brightest few point sources as opposed to the population. M82 has more luminous XRBs (i.e. a flatter XLF; Kilgard et al. 2002) and its luminous source population appears to be HMXBs associated with young star clusters (Zezas et al. 2004 ) exhibiting variability and spectral shapes consistent with BH HMXBs (Kilgard 2007; Chiang & Kong 2011) . M82 has been particularly well-studied in X-rays due to the large population of 6 ULXs (Gladstone et al. 2013) , the brightest of which reside in the nucleus, X-1 and X-2. M82 X-1 was long thought to be an intermediate-mass BH due to its super-Eddington luminosity, an idea that has recently been confirmed. Pasham et al. (2014) used RXTE data to measure the quasi-periodic oscillations of the source and estimated the mass of the BH to be 429 ± 105 M ⊙ . This important discovery bridged the divide between stellar mass BH in XRBs and supermassive BH at the centers of most galaxies. At nearly the same time as this discovery concerning M82 X-1, the ULX M82 X-2, which was long thought to be an intermediate-mass BH candidate, was discovered to be the first-ever confirmed ULX pulsar. Bachetti et al. (2014a) discovered pulsed emission spatially coincident with M82 X-2 using NuSTAR/Chandra/Swift data, confirming X-2 as a NS. M82 X-2 reaches 100 times the Eddington limit for a NS, with a peak luminosity L X (0.3 − 10 keV) of 1.8 × 10 . This result challenged the theory of accretion on to magnetized NS and has led to studies on what fraction of ULXs are NS rather than BH (e.g. Fragos et al. 2015; Shao & Li 2015; Wiktorowicz et al. 2015; King & Lasota 2016) .
NGC 253 NGC 253 is also an edge-on starburst galaxy with a similarly high SFR of 6 M ⊙ yr −1
. Although distance estimates vary, a census of ULXs in the nearby (< 5 Mpc) Universe by Gladstone et al. (2013) reported that 8 ULXs reside in NGC 253. Vogler & Pietsch (1999) used ROSAT to detect 32 sources within the D 25 ellipse of NGC 253 to a luminosity of 7 × 10 36 erg s −1
. They showed that most sources exhibit time variability and are likely XRBs. Pietsch et al. (2001) studied the 10 brightest sources in NGC 253 using XMM-Newton data and classified them using 0.5 − 10 keV color diagnostics. They identified 3 sources with soft colors as likely LMXBs and noted most sources showed time variability, also indicative of LMXBs. The recent NuSTAR/Chandra study by Lehmer et al. (2013) determined that the ULX source dominating the entire galaxy over 0.5 − 30 keV is distinct from the nuclear SMBH, which apparently was actively accreting a decade prior and had turned off in the 2012 observations. A comprehensive study of the NuSTAR point sources by Wik et al. (2014a) detected 21 sources (4 − 25 keV) and found that most were BH XRBs in an intermediate accretion state.
M81
M81 (NGC 3031) is a nearby grand design spiral galaxy with low SFR and a low-ionization nuclear emission region (LINER). The X-ray population of M81 has been studied by Einstein (Fabbiano 1988) , ROSAT (Immler & Wang 2001) , and Chandra (Tennant et al. 2001; Swartz et al. 2003) . The most comprehensive analysis was completed by Sell et al. (2011) , who used 220 ks of Chandra data from 16 observations to classify and investigate the variability of 265 sources detected above ∼ 10 37 erg s −1 . They found significant variability in ∼ 36 − 60% of their sources but concluded that snapshot observations provided a consistent determination of the XLF of M81. Color diagnostics identified large numbers of many different source types such as LMXBs, HMXBs, and SNRs.
M31
M31 is both the nearest large spiral galaxy and most similar to the Milky Way, and thus has been the target of the most detailed studies of any extragalactic X-ray point source population (e.g. Trinchieri & Fabbiano 1991; Supper et al. 2001; Peacock et al. 2010; Barnard et al. 2014a; Henze et al. 2014) . Previous Chandra observations have mostly been focused on monitoring the bulge region for both the activity of the SMBH as well as XRB variability, until the recent 2015 Chandra Large Project to cover the Panchromatic Hubble Andromeda Treasury (PHAT; Dalcanton et al. 2012 ) survey area (PI: B. F. Williams). Notable results included the finding that the XLF of the bulge was flatter than the disk (Kong et al. 2002; Williams et al. 2004; Vulic et al. 2016) , at odds with studies of other spiral galaxies (Colbert et al. 2004; Binder et al. 2012) . Stiele et al. (2011) . Source classification techniques included using X-ray hardness ratios, spatial extent of the sources, long-term X-ray variability, and cross-correlation with X-ray, optical, infrared, and radio catalogs. Despite their robust analysis, 65% of their sources remained unclassified. This included only having 2 HMXB candidates to add to the 18 candidates found by Shaw Greening et al. (2009) , which was unusual given that there are ∼ 100 HMXBs in the Milky Way. This prompted a Chandra legacy survey of the M31 disk (PI: B. F. Williams) to complement the PHAT survey (Dalcanton et al. 2012) . A NuSTAR legacy project was begun in early 2014 to cover part of the Chandra-PHAT area (P.I. A. E. Hornschemeier) and NuSTAR GO observations of the bulge have occurred in Cycles 1 − 3 (P.I. M. Yukita). Details about the M31 source population are given in papers on the globular cluster LMXB population , which comprises most of the bright X-ray sources in M31, and the bright pulsar candidate dominating the entire galaxy at E > 25 keV (Yukita et al. 2017) .
NGC 5204 NGC 5204 is a Magellanic spiral galaxy that is part of the M101 group of galaxies and has a large sSFR comparable to that of M82. The ULX X-1 originally discovered by Einstein (Fabbiano & Panagia 1982) has been the motivation for most Xray/multiwavelength observations of NGC 5204. Roberts et al. (2006) used a 2 month Chandra monitoring campaign to study the variability of X-1 and found that its spectrum became harder (e. g. heating of the corona) as its flux increased. They found no evidence supporting the presence of an intermediate-mass BH in X-1. Mukherjee et al. (2015) used two epochs of NuSTAR/XMMNewton coverage of X-1 to study its 0.3 − 20 keV properties. No significant spectral variations were observed for the 5 × 10 39 erg s −1 source and the broadband spectrum was consistent with super-Eddington accretion on to a stellar-mass BH.
NGC 1313
NGC 1313 is an isolated peculiar spiral galaxy with starburst activity and a similar sSFR to NGC 5204. It has a specific frequency of young massive star clusters similar to that of M83 (Larsen & Richtler 1999) . Based on the X-ray properties it was classified as a Be X-ray pulsar candidate. Bachetti et al. (2013) recently investigated the 0.3 − 30 keV spectra of the ULXs X-1 and X-2 with NuSTAR/XMM-Newton observations. While X-2 was not detected for E > 10 keV, X-1 showed a clear spectral cutoff that ruled out a BH in a low/hard accretion state. The characteristics of a large spectral variation found in X-2 was indicative of a BH in the hard state.
NGC 4945
NGC 4945 is an edge-on barred spiral starburst galaxy with a Type II Seyfert nucleus. The galaxy is the brightest extragalactic hard X-ray source (∼ 50 − 100 keV) and hosts one of the nearest AGN. The nuclear region contains an obscured starburst region with a 10 ′′ ring morphology (Schurch et al. 2002) . Most X-ray investigations have focused on the AGN, although multiple Chandra studies (Colbert et al. 2004; Kaaret & Alonso-Herrero 2008; Liu 2011) . In particular, Chandra (Swartz et al. 2004 ) and XMM-Newton (Berghea et al. 2008 ) studies found 2 ULXs that were used as part of a review of nearby galaxy ULX populations. Colbert et al. (2004) calculated a cumulative XLF slope of γ = 0.7 using 22 X-ray point sources, finding agreement with other spiral galaxies in their sample. SN 2011ja occurred in NGC 4945 and was studied by Chakraborti et al. (2013) using Chandra. X-ray observations allowed the authors to probe the history of variable mass loss from the progenitor, suggesting that SN may interact with circumstellar material ejected by non-steady winds (varying densities). Puccetti et al. (2014) used NuSTAR observations in combination with other archival X-ray data of NGC 4945 to investigate the spectral properties and variability of the galaxy. They found strong spectral variability above E > 10 keV and that most of the high-energy flux was transmitted rather than Compton-scattered.
CIRCINUS
Circinus is a spiral galaxy with similar sSFR to the Milky Way but located 4
• below the Galactic plane, thus having a large N H . Circinus is an active galaxy with a Type II Seyfert nucleus and complex structure. It has been observed many times by various X-ray observatories (e.g. Smith & Wilson 2001; Bianchi et al. 2002; Yang et al. 2009 ). Bauer et al. (2001) completed the first point source population study with Chandra, detecting 16 point sources to a 0.5 − 10 keV sensitivity of 10 and BH mass of 90 M ⊙ , found variability on long time scales of at least a factor of ∼ 5, and spectral variability similar to luminous Galactic BH XRBs. Esposito et al. (2015) used archival Chandra-XMM-Newton observations and discovered 2 pulsators that were identified as likely foreground cataclysmic variables. The ULX candidate CG X-1 had properties consistent with a Wolf-Rayet BH XRB, the rare class of sources for which only 4 confirmed and 3 candidates exist.
HOLMBERG II
Holmberg II is a dwarf irregular galaxy that is part of the M81 group and has properties very similar to the Small Magellanic Cloud. Kerp et al. (2002) detected 31 X-ray sources located within the H i column density distribution of Holmberg II to a sensitivity of 10 37 erg s −1 using ROSAT PSPC data. Many studies of Holmberg II have focused on the unique ULX source Holmberg II X-1, located inside the "Foot nebula", from radio (Miller et al. 2005) to the optical (Abolmasov et al. 2007 ) and IR (Berghea et al. 2010a; Heida et al. 2016) . Many interpretations for the nature of this ULX have been put forth, although there has been general consensus for a ≈ 100 M ⊙ BH (e.g. Goad et al. 2006; Berghea et al. 2010b ). Walton et al. (2015) , which is typical for this source. They implied that the source was accreting near or above its Eddington limit and found 90% of the flux was emitted at E < 10 keV. Egorov et al. (2017) analyzed the structure and kinematics of ionized gas around X-1 using optical emission lines, finding evidence that the ULX may have escaped its parent star cluster.
HOLMBERG IX
Holmberg IX is a dwarf irregular galaxy that is also part of the M81 group, located near the outskirts of M81's D 25 ellipse. It is the nearest young galaxy, having stellar populations with ages 200 Myr and dominated by blue and red supergiants. Thought to be formed by the recent tidal interaction between M81 and another M81 group galaxy, Holmberg IX hosts one of the best-studied ULXs (Ho IX X-1, also known as M81 X-9), which is persistently detected at L X (0.3 − 10 keV) > 10 40 erg s −1 (e.g. Walton et al. 2014) . First discovered by the Einstein observatory (Fabbiano 1988) , X-1 has been well studied by all X-ray observatories (e.g. La Parola et al. 2001; Walton et al. 2014) . XMM-Newton observations initially revealed a cool accretion disk (kT ∼ 0.1 − 0.2 keV), suggesting an intermediate-mass BH (e.g. Miller et al. 2004a,b) . However, recent work has indicated a spectrum consistent with a 100 M ⊙ BH accreting at the Eddington limit or a 10 M ⊙ BH above L Edd (Kong et al. 2010) . NuSTAR was critical in confirming the spectral cutoff and disfavoring an intermediate-mass BH (Walton et al. 2014 (Walton et al. , 2017 . Note-Point source properties for galaxies from Table 1 . Sources are grouped by galaxy and sorted/numbered by decreasing 4 − 25 keV count rate. Count rates shown are the soft (S , 4 − 6 keV), medium (M, 6 − 12 keV), hard (H, 12 − 25 keV), and full (F, 4 − 25 keV) energy bands. These count rates were derived from individual PSF fitting of each energy band (Section 4.3.2). Where the σup and σ down values are 0.00 the NuSTAR count rate represents the upper limit on the 90% confidence interval. Section 4.3.3 defines the derivation of hardness ratios HR1 = (M − S )/(M + S ) and HR2 = (H − M)/(H + M). Luminosities were calculated using the N H values and distances from Table 1 assuming an absorbed power-law with spectral index Γ = 1.7. The hardness ratios and luminosities were determined using the results of simultaneous PSF fitting described in Section 4.3.3, and thus can vary from values derived using count rates from individual PSF fitting in each energy band. State abbreviations are as follows: AP (accreting pulsar), S (BH soft state), I (BH intermediate state), H (BH hard state), ZA (Z/Atoll NS), ULX (ultraluminous source). Compact object type and accretion state classifications are described in Section 5.1.
